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Abstract

Herpes simplex virus (HSV), a member of the Herpesviridae family, is a well-known cause of
infections including genital herpes and herpes labialis in the adolescent and adult population.
Transmission of HSV infection to an infant during the first 4-6 weeks of life can lead to
devastating disease with the potential for poor outcomes. Early diagnosis is imperative when
evaluating neonatal HSV infection in order to prevent further disease progression, neurological
complications, and even death. In the past 4 decades, significant advancements have been made
in the diagnosis, treatment, and prevention of neonatal HSV infection, but there remains room for
improvement as efforts continue to reduce the burden of disease caused by this infection.
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Introduction

Herpes simplex virus (HSV) infection occurs infrequently in neonates despite the ubiquitous
nature of the virus in adults. Neonatal HSV disease occurs in about 1500 infants a year in
the United States (Pinninti and Kimberlin, 2013), but recent studies suggest an increasing
incidence over the last several years (Mahant et al., 2019). Both HSV-1 and HSV-2

can cause neonatal HSV disease, and to improve overall outcome in infants diagnosed

with neonatal HSV disease, early diagnosis and initiation of treatment is imperative.

Early initiation of therapy prevents further disease progression (Kimberlin et al., 2001b).
Therefore, clinicians should have a low threshold to evaluate an infant for the disease.

"Corresponding author. Mailing address: University of Alabama at Birmingham, Children’s Harbor Building 308, 1600 7t Avenue
South, Birmingham, AL 35233-1711. Phone: (205) 934-2441. Fax: (205) 975-6549. sjames@peds.uab.edu.

Authors’ Note

We are honored to contribute this work to Antiviral Research’s symposium dedicated to the memory of Mark N. Prichard, PhD. Mark
was an exceptionally gifted and generous colleague who made everyone around him better. | (SHJ) had the privilege of working
side-by-side with Mark in our laboratory for over a decade, during which time his tremendous mentorship and friendship shaped me in
ways | still cannot fully comprehend. As we strive to honor his memory and carry on his legacy, our hope is that the work to which he
was so dedicated will continue to impact lives throughout the world.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review

of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Samies and James

Page 2

Over the last 40 years, advances in diagnostic testing and antiviral therapy have aided

in improving outcomes and survival of neonates diagnosed with the disease. This article
will review the classification of neonatal HSV disease, the current diagnostic approach, the
recommended antiviral treatment regimen, and approaches in preventing transmission of the
disease to neonates.

Description of the pathogen

HSV is an enveloped, double-stranded DNA virus that belongs to the Herpesviridae family
and the alpha herpesviruses subgroup (Whitley and Roizman, 2001). Members of the

alpha herpesviruses subgroup have a unique capability of establishing latency in sensory
neural ganglia after primary infection and can reactivate periodically to cause either a
recurrent localized infection or subclinical viral shedding (Whitley and Baines, 2018).

HSV is composed of 4 parts: a viral double-stranded DNA genome with a long and short
component, icosahedral capsid comprised of 162 capsomeres, a protein layer surrounding
the capsid often referred to as the tegument, and an envelope comprised of 11 glycoproteins
which are used for attachment and penetration of the virus into host cells (Whitley and
Roizman, 2001). For diagnostic purposes, HSV-1 and HSV-2 can be differentiated by type-
specific antibodies to glycoproteins G-1 and G-2, respectively (James and Kimberlin, 2015b;
Pinninti and Kimberlin, 2013).

Transmission

Transmission of HSV from mother to infant has been linked to several risk factors. These
risk factors include the mother’s type of infection (first-episode primary, first-episode
non-primary, or recurrent infection, as defined below), maternal serologic status (when
available), HSV typing of genital lesion, isolation of HSV at delivery, vaginal versus
cesarean delivery, duration of rupture of membranes, and use of fetal scalp electrodes
(Pinninti and Kimberlin, 2013). Commercially available HSV serologic assays have
improved over the last decade making the differentiation between HSV-1 and HSV-2
immunoglobulins possible. This allows for serologic results and viral lesion HSV type to be
compared, and thus, determine maternal infection type. Women with first-episode primary
infection lack antibodies to both HSV-1 and HSV-2, and these mothers are at the greatest
risk of transmitting HSV to their infant. Mothers with first-episode non-primary infection
have antibodies for either HSV-1 or HSV-2 but newly acquire the other HSV type. Women
with recurrent infection already have antibodies to the virus type being shed. Women with
first-episode non-primary infection and recurrent infection have a lower risk of transmitting
the virus as they are able to pass HSV-1 or HSV-2 IgG antibodies transplacentally to their
infant to provide some protection (Brown et al., 2003). IgM immunoglobulins are not used
in determining maternal infection type. Although maternal serologies can aid in determining
the infants at greatest risk of infection, they are often not known unless a mother presents
with an active genital lesion at time of delivery, and most infants diagnosed with neonatal
HSV disease are born to mothers who are asymptomatically shedding the virus.

Classification and clinical presentation of neonatal HSV disease

By definition, neonatal HSV disease occurs in infants less than 42 days old, with a majority
of cases presenting in the first four weeks of life (Curfman et al., 2016). Infants acquire the

Antiviral Res. Author manuscript; available in PMC 2021 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Samies and James

Page 3

virus either during intrauterine (rare), peripartum (85% of cases), or postpartum (10% of
cases) time periods (Corey and Wald, 2009). Intrauterine infections are quite rare and the
diagnosis is usually made at birth as a result of array of findings indicative of intrauterine
infection, including skin abnormalities (scarring, hypo/hyperpigmented lesions, active skin
vesicles), cutis aplasia, microcephaly, chorioretinitis, and/or retinal dysplasia (Hutto et al.,
1987).

There are three classifications of HSV disease in neonates: (1) skin, eye, and mouth
(SEM), (2) central nervous system (CNS), and (3) disseminated disease. SEM disease is
characterized by skin lesions or other localized involvement of the mouth or eye. Infants
with CNS disease have been characterized to have focal (temporal region) or generalized
seizures, irritability, poor feeding, and/or temperature instability with or without skin
lesions. Disseminated disease is diagnosed based on multiple organ involvement including
lungs, adrenal glands, liver, and/or central nervous system (Pinninti and Kimberlin, 2013).
Most infants with disseminated disease do not develop a vesicular rash. The majority

of infants presenting with neonatal HSV disease are classified as having SEM disease
(45%), followed by CNS disease (30%), and then disseminated disease (20%) (Kimberlin,
2004). Infants with SEM or disseminated disease typically present at 10-12 days of life
whereas those with CNS disease typically present later, around 16-19 days of life. Disease
classification is clinically important because it is predictive of neurodevelopmental outcome
and mortality, with CNS and disseminated disease being of greater risk (Kimberlin et al.,
2001b).

Diagnosis of neonatal HSV disease

All infants undergoing evaluation for neonatal HSV disease should have: ‘surface swabs’
obtained from the eye, nasopharynx, mouth, and rectum and sent for culture and PCR,;
culture and PCR obtained from any concerning mucocutaneous lesion; blood HSV PCR;
serum alanine aminotransferase (ALT); and a lumbar puncture performed to obtain
cerebrospinal fluid (CSF) for HSV PCR testing. Cultures of vesicular lesions and “surface
swabs’ continue to be the gold standard for diagnostics, but PCR is quickly becoming

the more favorable option because of its faster turnaround time and increased sensitivity
(Pinninti and Kimberlin, 2013). However, studies have yet to prove superiority of PCR over
culture and there remains the risk of false positive PCR results. The implementation of PCR
on CSF samples has greatly impacted the diagnosis of CNS disease, making brain biopsies
no longer routinely necessary (Kimberlin et al., 1996; Lakeman and Whitley, 1995). If CSF
HSV DNA PCR is negative but an infant’s clinical presentation is concerning for neonatal
HSV CNS disease, a diagnosis of neonatal HSV CNS disease should still be considered
since false negatives are possible.

Serum HSV PCR has also been useful in the early detection of neonatal HSV disease,
especially in patients without cutaneous manifestations, and may at times be the only
positive diagnostic test (Cantey et al., 2015; Cantey et al., 2012). However, a negative serum
HSV PCR must not be used to rule out the diagnosis. A positive serum HSV PCR is more
commonly seen with more invasive disease manifestations (CNS and disseminated) but has
been noted to be negative in invasive disease cases as well (Lyons et al., 2018; Melvin et
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al., 2015). The results of all the diagnostic tests aid in classifying the disease into SEM,
CNS, or disseminated disease, which determines the minimum duration of treatment. All
infants diagnosed with neonatal HSV disease should be evaluated by ophthalmology and
have neuroimaging performed even if no central nervous system involvement is documented
(Kabani and Kimberlin, 2018).

Treatment of neonatal HSV disease

The treatment of neonatal HSV disease has significantly improved over the last 40 years
with the advancements in antiviral therapy. Prior to introduction of antivirals, 50% of infants
with CNS disease and 85% of infants with disseminated disease died (Kimberlin, 2004).
Vidarabine was the first antiviral agent recommended in the late 1970s for treatment of
neonatal HSV disease (Kimberlin, 2004; Pinninti and Kimberlin, 2013) as previous antiviral
agents, idoxuridine and cytarabine, were too toxic for use (Boston Interhospital Virus Study
and Study, 1975; Narang, 1982).

In the 1980s, acyclovir, an acyclic guanine nucleoside analog, was licensed for use against
herpes virus infections (James and Kimberlin, 2015a; Whitley, 2002), and it quickly became
the drug of choice for treatment of neonatal HSV disease due to its more favorable toxicity
profile and its ease of administration compared to vidarabine. Acyclovir relies on viral
thymidine kinase for its initial phosphorylation step prior to additional phosphorylation

by host cellular kinases to form the triphosphate metabolite of acyclovir, which inhibits
viral DNA polymerase (Whitley, 2002). At the low dose initially studied (10 mg/kg/dose
three times a day), acyclovir did not show therapeutic superiority regarding mortality or
morbidity when compared to vidarabine (Whitley et al., 1991). Both vidarabine and low
dose acyclovir reduced mortality to 14% in infants with CNS disease and 54% in those
with disseminated disease (Kimberlin, 2004). Additional doses of acyclovir were studied
to determine if outcomes improved with higher doses; high dose acyclovir (20 mg/kg/dose
three times a day) demonstrated a further decrease in mortality for both the CNS and
disseminated group to 4% and 30% respectively, thus becoming the standard of care for
treatment of neonatal HSV disease (Kimberlin, 2004).

Duration of therapy with intravenous acyclovir is determined by the disease classification.
Infants with SEM disease are treated for a total of 14 days with intravenous acyclovir,
whereas infants with CNS or disseminated disease are treated with at least 21 days

of therapy. All infants with central nervous system involvement require repeat lumbar
puncture(s) to assess for clearance of the virus prior to stopping intravenous therapy (James
and Kimberlin, 2015b). Initially, infants with CNS disease were only recommended to be
treated with 14 days of intravenous acyclovir, but almost half of the patients required longer
durations of therapy because of the persistence of the viral DNA in the CSF (Whitley and
Baines, 2018). If there is continued detection of viral DNA by HSV PCR around 21 days of
therapy, intravenous acyclovir should be extended an additional week and a repeat lumbar
puncture should be performed to obtain CSF for HSV PCR testing (Pinninti and Kimberlin,
2013). In the setting of persistently positive CSF HSV PCR results beyond 21 days of
therapy, intravenous acyclovir should be discontinued only after a negative CSF HSV PCR is
achieved.
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All infants on intravenous acyclovir should be monitored for neutropenia and evidence of
renal toxicity, with twice weekly complete blood count with differential and daily creatinine
levels. Decreasing the dose of intravenous acyclovir or administering granulocyte-colony
stimulating factor (G-CSF) are two possible approaches a clinician may take if an infant
develops severe neutropenia (absolute neutrophil count reaches <500 cells/ uL) while
receiving intravenous acyclovir (Kimberlin et al., 2001a).

After completion of the recommended 14- or 21-day treatment course with intravenous
acyclovir determined by patient’s classification of neonatal HSV disease, patients are
transitioned to oral acyclovir (300 mg/m?/dose three times a day) to complete a 6-month
course of suppressive therapy. The initiation of suppressive therapy demonstrated a
reduction in recurrent skin lesions in those with cutaneous manifestations and improvement
in the neurologic development in those with CNS involvement (Kimberlin et al., 2011).
Infants should continue to be monitored for signs of neutropenia while on oral acyclovir; the
risk of reversible nephrotoxicity is more apparent with intravenous acyclovir than with oral
acyclovir, therefore, close monitoring is not necessary. Infants should have a complete blood
count with differential performed on the 2"d and 4! week of administration of oral acyclovir
and then monthly thereafter to monitor for neutropenia. Infants with an absolute neutrophil
count < 500 cells/uL should have their oral acyclovir held until their absolute neutrophil
count recovers (James and Kimberlin, 2015a). Follow up for these infants should be on a
monthly basis to have their dose of oral acyclovir adjusted to account for weight gain as the
infant grows.

Currently, acyclovir is the only recommended antiviral agent for treatment of neonatal HSV
disease. One study attempted to evaluate the pharmacokinetics of valacyclovir down to one
month of age, but recommendations could not be provided as only one dose was studied and
those less than 3 months were noted to have decreased clearance (Kimberlin et al., 2010).
Several new antiviral agents with activity against HSV are in development, but none have
progressed to clinical investigation in infants as of yet (Poole and James, 2018).

As a result of the severity of the disease in neonates, measures aimed at preventing
transmission have become of great importance. These measures include performing cesarean
delivery for mothers with active genital lesions at time of delivery, decreasing contact
exposure to persons with active herpes labialis or gingivostomatitis, reducing the use of fetal
scalp electrodes, and implementing suppressive therapy in pregnant women with a history of
genital herpes (James et al., 2014).

The majority of neonatal HSV infection occurs via perinatal transmission (exposure to the
virus during passage through the birth canal), therefore, preventative measures to reduce the
risk of transmission to neonates have focused on the perinatal period. Daily suppressive
antiviral therapy for women with a history of genital herpes can aid in the reduction

of recurrent episodes and subclinical viral shedding, and has been recommended for all
preghant women with recurrent genital herpes starting at 36 weeks gestation (Bulletins,
2007). Although it can reduce the chances of a pregnant woman having an active genital
lesion at time of delivery, it does not always prevent asymptomatic shedding so there
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is still a risk of transmission from mother to infant. Women presenting with prodromal
symptoms (burning or tingling) or active genital lesions at time of delivery should undergo
cesarean delivery prior to the rupture of membranes, as recommended by the American
College of Obstetricians and Gynecologists (ACOG), in order to lessen the risk of perinatal
transmission (Bulletins, 2007). Even if rupture of membranes occurs prior, cesarean delivery
should still be performed if active lesions or prodromal symptoms are present. If women
have a history of genital herpes but no active lesions at time of delivery, cesarean section is
not routinely recommended as the risk outweighs the benefit (James and Kimberlin, 2015b).
Although these measures aid in reduction of transmission, a majority of infants are exposed
during delivery to asymptomatic mothers who have no prior history of HSV. Thus, providers
should have a high degree of suspicion in diagnosing infants regardless of maternal history.

The American Academy of Pediatrics provided a guidance statement on further evaluation
of neonates born to mothers with active lesions at the time of delivery in an effort to
diagnose infants earlier before disease progression occurs. The guidance statement does

not provide any recommendations regarding women with a history of genital herpes but
without any active lesions at time of delivery who may be asymptomatically shedding the
virus. All genital lesions consistent with HSV disease should be confirmed and typed for
HSV-1 or HSV-2. The mother’s serologic status should also be evaluated to determine if

it is the first-episode primary infection, first-episode non-primary infection, or a recurrent
infection (Kimberlin et al., 2013). Knowing whether the infection is first-episode primary
infection, first-episode non-primary infection, or recurrent infection aids in determining

the risk of transmission to the infant as those with first-episode primary infection are at
greater risk of transmitting virus to infant. No recommendations currently exist for screening
asymptomatic pregnant women for HSV by serology. Such screening would not likely be of
use in predicting infants at high risk of neonatal HSV infection because it cannot reliably
identify primary infections (Prober et al., 1988). It is advised, however, that any pregnant
woman known or presumed to be negative for HSV should remain abstinent during her third
trimester if in a relationship with a known seropositive partner (Bulletins, 2007). Performing
viral cultures on pregnant women with a history of HSV disease is also not warranted
antepartum as women with asymptomatic viral shedding are at lower risk of transmitting the
virus than in those women with primary infection (Arvin et al., 1986; Prober et al., 1988).

In addition to these attempts to interrupt mother-to-child transmission of HSV, efforts are
also being made to develop a vaccine that will reduce disease burden by preventing primary
infection in women prior to their child-bearing years. Several vaccines have been evaluated
for their potential use in preventing the acquisition of HSV infections. While some have
been able to demonstrate immunogenicity, none have made it to licensure yet (Whitley and
Baines, 2018). Nevertheless, HSV vaccine development continues to remain a field of high
interest, with several possible vaccine candidates currently being studied (Dropulic et al.,
2019).
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Highlights:

Diagnosing and initiating treatment early can improve morbidity and
mortality of infants with neonatal HSV disease.

Acyclovir, an acyclic guanine nucleoside analog, is the only antiviral agent
recommended for treatment and for suppressive therapy in neonatal HSV
disease.

Suppressive therapy with oral acyclovir for 6 months has demonstrated a
decrease in recurrences and has improved developmental outcomes.

Cesarean sections in women presenting with active genital lesions at time of
delivery has reduced the transmission of herpes from mother to infant.

The use of suppressive therapy in pregnant females with a history of genital
herpes has reduced the chance of having active lesions at time of delivery and
decreased periods of subclinical viral shedding.
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